Macrocyclic crown diamides with 16-or 24-membered rings containing E-and Z-olefinic double bonds were synthesized either by bisalkylation or by ring-closing metathesis (RCM) techniques. The two methods were evaluated and compared with regard to yield and to product stereochemistry. Isomerization of some Zolefinic macrocycles to their corresponding E-isomers was achieved using Grubbs' catalyst second generation. Some of the required starting dials, diols and bishalo compounds were prepared by different routes including cross-metathesis (CM). The latter was compared with other investigated methods. Some of the olefinic macrocycles were subjected to cycloaddition reactions with diphenylnitrileimine to give the corresponding pyrazolino macrocycles. The latter showed interesting emission spectra.
Crown compounds and azacrown compounds constitute important macrocyclic groups in supramolecular chemistry. They have been shown to exhibit important applications including selective ion separation, detection, molecular recognition, catalysis, biological applications as well as many other interesting uses in diverse fields of supramolecular chemistry. [1] [2] [3] Of particular interest are crown ethers incorporating amide groups, since such groups modify the binding properties of the crown compounds in favor of alkaline earth cations over alkali metal ions. Moreover, the number of ether oxygen atoms, amide carbonyl groups, ring size, lipophilic groups and other structural features control the selectivity towards different ions. [2] [3] [4] [5] [6] [7] During the past decade, ring-closing metathesis (RCM) has emerged as a powerful tool for the construction of small-, medium-and large-ring systems. 8 A large part of the success of this reaction has been due to the availability of well-defined catalysts such as those developed by Schrock 9 and Grubbs. 10 In the present work the synthesis of each of the E and Z stereoisomers of macrocyclic crown diamides 2a-c, 3a-c, 6a-c and 7a-c with 16-and 24-membered rings was investigated by bisalkylation and also as E:Z mixtures by ring-closing metathesis using Grubbs' catalysts I and II (Figure 1 ).
Figure 1 Grubbs' catalysts
In the present study the effect of Grubbs' catalysts I and II on the RCM reactions of 1a-c regarding the yield and the stereoselectivity of the E-and Z-olefinic macrocyclic crown diamides was investigated. Thus, RCM of the 1,wdienes 1a-c using catalysts I and II (Scheme 1) gave a mixture of the corresponding isomeric macrocycles 2a-c and 3a-c, in the yields and E:Z ratios shown in Table 1 .
From Table 1 it is clear that catalyst II is more active and leads to higher yield of the E-isomer. Thus, 2.5% and 1.25% of catalyst I are needed to accomplish the RCM of 1a and 1b, respectively (entries 1 and 3). However, only 1% of catalyst II is needed to achieve better RCM conversions (entries 2 and 4). On the other hand, RCM of 1c required 5% of either of the catalyst I or II to achieve 70% and 93% conversions, respectively (as monitored by TLC). Table 1 shows also the reported RCM synthesis of 6a,b and 7a,b from the corresponding appropriate 1,wdienes 5a,b using catalyst I. 4a It is also concluded from these results that Grubbs' catalyst II not only improved the yield of the RCM product but also increased the selectivity towards the E isomer. Therefore, in the present study we also investigated the possibility of Z-to-E isomerization of these olefinic macrocycles. Thus, treatment of 2a and 6a with Grubbs' catalyst I showed complete recovery of unchanged starting materials. On the other hand, treatment of 2a, 6a and 6b with 1% of catalyst II led to 92% conversion of 2a into 3a (entry 7), 93% conversion of 6a into 7a (entry 10) and 100% conversion of 6b into 7b (entry 11). The Z-to-E isomerization promoted by Grubbs' catalyst II is derived by two factors which are the more thermodynamic stability of the E isomer and by the reactivity of this catalyst towards polysubstituted olefins. 11 The pure Z macrocycles 2a-c were readily obtained in 42-50% yields via bisalkylation of the dipostassium salts 4a-c with (Z)-1,4-dichloro-2-butene in N,N-dimethylformamide. The pure E isomers 3a-c were similarly obtained in 68-80% yields by treatment of 4a-c with (E)-1,4-dichloro-2-butene. Similar bisalkylation of 4a-c with The starting materials 8 and 9 required for the synthesis of the macrocycles 6 and 7 were obtained as outlined in Scheme 2 using two synthetic approaches.
The first synthetic approach (Scheme 2) starts with the reaction of the potassium salt of salicylaldehyde 10 with (Z)-1,4-dichloro-2-butene and (E)-1,4-dichloro-2-butene to give (Z)-1,4-bis(o-formylphenoxy)-2-butene 11 and the corresponding E isomer 12, respectively. Reduction of 11 and 12 with sodium borohydride in methanol gave the corresponding diols 13 and 14, respectively. Reaction of compounds 13 and 14 with thionyl chloride in chloroform gave the corresponding bischloro compounds 8 and 9, respectively, in 95% yield.
The second synthetic method (Scheme 2) attempted was the CM of o-allyloxybenzaldehyde (15) , o-allyloxybenzyl alcohol (16) and o-allyloxybenzyl chloride (17) using Grubbs' catalysts I and II. Results of CM are shown in Table 2 . From Table 2 it is clear that the CM reactions can convert 15, 16 and 17 to the required product; however, as a mixture of E and Z isomers. It is also clear that Grubbs' catalyst II gave better yield with better E selectivity compared to the same percent of catalyst I. Also, compound 11 was isomerized to the E isomer 12 with 89% conversion. Compounds 11 and 12 were also obtained as byprod-ucts from the reaction of allylbenzene with oallyloxybenzaldehyde using Grubbs' catalyst I. 12 The E/Z selectivity and isomerization in RCM reactions and practical solutions to this problem have been addressed in many reviews; e.g., the Prunet review 13a as well as other papers. 13b-d The problem has also been discussed in Blechert's review on cross-metathesis 13e and in Schmidt's review on olefin metathesis. 13f
Cycloaddition of the olefinic crown diamides 2a,b and 3a,b with diphenylnitrileimine gave the corresponding condensed pyrazolino macrocycles 18a,b and 19a,b, respectively (Scheme 3). The latter exhibited absorption and interesting emission spectra in the UV-Vis region. Compounds 18, 19 showed absorption bands at l max = 284-360 nm and emission bands at l max = 436-463 nm.
In conclusion, RCM and CM techniques have shown to give efficient access to macrocycles and the required precursor bisolefinic compounds. The application of Grubbs' catalysts of 1 st and 2 nd generation showed different behavior towards their efficiency and E:Z ratios. Comparison with other synthetic methods illustrates the synthetic potentialities of these novel catalytic techniques. The conversion of these olefinic macrocycles to photoluminescent pyrazolino derivatives paves the path for future applications.
Melting points are uncorrected. IR spectra were recorded in KBr disks on a Perkin-Elmer System 2000 FT-IR spectrophotometer. 1 H and 13 C NMR spectra were recorded on a Bruker DPX 400, 400 MHz super-conducting NMR spectrometer at 400 MHz and 100 MHz, respectively. Mass spectra were measured on VG Auto-spec-Q (high resolution, high performance, tri-sector GC/MS/MS) and with LCMS using Agilent 1100 series LC/MSD with an API-ES/ APCI ionization mode. The UV-Vis spectra were recorded on a Cary-5/Varian spectrophotometer and the emission spectra were recorded using a SIM AMINCO.BOWMAN series Luminescence spectrometer. Microanalyses were performed on a LECO CHNS-932 Elemental Analyzer. The UV-Vis absorption spectra of compounds 18a,b, 19a,b were scanned in chloroform at concentrations 1.0 × 10 -4 M, 9.4 × 10 -5 M, 1.4 × 10 -4 M, 3.7 × 10 -5 M, respectively, in the wavelength range 250-450 nm using a dry, clean, quartz cuvette of 1.0 cm path length. From the spectra obtained, absorbance values at l max were used to calculate the extinction coefficient. The emission spectra of compounds 18a,b, 19a,b in chloroform at the above-mentioned concentrations were obtained after excitation at l = 294, 285, 360, 284 nm, respectively.
The starting compounds 1a, 14 1,2-bis(2-hydroxybenzamido)ethane 15 and 1,2-bis(2-hydroxybenzamido)benzene 15 were prepared as reported. 
1,2-Bis(2-hydroxybenzamido)cyclohexane
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1,2-Bis(2-allyloxybenzamido)benzene (1b)
A solution of 1,2-bis(2-hydroxybenzamido)benzene 15 (0.35 g, 1 mmol) and KOH (0.12 g, 2 mmol) in MeOH (5 mL) was stirred for 5 min and the solvent was then removed in vacuo to give the corresponding potassium salt. To the latter were added DMF (10 mL) and allyl bromide (2 mmol). The reaction mixture was then heated under reflux for 15 min. The mixture was diluted with ice-water (20 mL 
Synthesis of Macrocycles 2a-c, 3a-c, 6a-c, 7a-c via Bisalkylation; General procedure
A solution of each of the appropriate 1,2-bis(2-hydroxybenzoylamino) derivatives (1 mmol) and KOH (0.12 g, 2 mmol) in MeOH (5 mL) was stirred for 5 min and the solvent was then removed in vacuo to give the corresponding dipotassium salts 4a-c. To the latter were added DMF (10 mL) and the appropriate dihalo derivatives (1 mmol). The reaction mixture was then heated under reflux for 15 min (during this time the potassium halide precipitated). The mixture was diluted with ice-water (30 mL) and kept for 24 h in the fridge. The precipitate was collected, washed with cold H 2 O and crystallized from the proper solvent to give the corresponding mac- (Z)-1,12,16,21-Tetraoxa-5,8-diazatetrabenzo[b,j,n,v] 1,12,16,21-Tetraoxa-5,8-diazapentabenzo[b,f,j,n,v] 
2-Allyloxybenzaldehyde (15)
To a solution of salicylaldehyde (20 g, 0.16 mol) and KOH (12.5 g) in EtOH (50 mL) was added allyl bromide (18 mL, 0.24 mol). The reaction mixture was heated under reflux for 4 h. The solvent was then removed in vacuo and the remaining oily product was extracted with CH 2 Cl 2 (50 mL) and washed with a KOH solution (50 mL, 10%). The organic layer was separated and dried over Na 2 SO 4 and the solvent was then removed in vacuo to give 15 (25 g, 94%; Lit. 16 bp 85-88 °C, 0.25 mmHg) as a yellow oil which was found to be 
2-Allyloxybenzyl Chloride (17)
To the alcohol 16 (3.25 g, 20 mmol) in CHCl 3 (20 mL) was added SOCl 2 (2.5 mL) dropwise with stirring at r.t.. The mixture was stirred in anhydrous atmosphere at r.t. for 1 h and the solvent was then removed in vacuo to leave a dark oil in 95% yield (Lit. 18 ) which was used without further purification in the next step. 1,4-Bis(o-chloromethylphenoxy)-2-butenes 8, 9; General Procedure To a cold stirred solution (-10 °C) of diols 13 or 14 (10.9 mmol) in CHCl 3 (100 mL) was added dropwise a solution of SOCl 2 (5 mL) in CHCl 3 (5 mL). Stirring was continued for 2 h. The solvent was then removed in vacuo and the remaining solid was crystallized from EtOH to give 8 or 9.
Ring-Closing Metathesis (RCM) of 1a-c: Synthesis of 2a-c and 3a-c; General Procedure
A solution of the substrates 1a-c (1 mmol) in CH 2 Cl 2 (10 mL) and Grubbs' catalyst I (1-5 mol% of the substrate as indicated in Table 1 ) or II (1 mol% or 5 mol% of the substrate) was heated under reflux for the time indicated in Table 1 . The solvent was then removed in vacuo and the resulting products were analyzed by 1 H NMR. The yields and Z/E ratios were then determined by 1 H NMR (Table 1 ) and by comparing their signals with pure-Z and pure-E NMR signals prepared by bisalkylation method.
Isomerization Experiments of 2a and 6a,b, 11; General Procedure A solution of 2a or 6a,b (1 mol) in CH 2 Cl 2 (10 mL) and Grubbs' catalyst I or II (1 mol% of the substrate) was heated under reflux for 2 h. The solvent was then evaporated in vacuo and the resulting reaction products, yields and Z/E ratios were then determined by 1 H NMR.
Cross-Metathesis (CM) of 15-17: Synthesis of 8, 9 and 11-14;
General Procedure A solution of the substrates 15, 16 or 17 (1 mol) in CH 2 Cl 2 (10 mL) and Grubbs' catalyst I or II (1 mol% of the substrate) was heated under reflux for 2 h. The solvent was then evaporated in vacuo and the resulting reaction products were analyzed by 1 H NMR. The yield and Z/E ratios were then determined by 1 H NMR and com-pared with the pure Z and pure E NMR signals prepared by the other methods.
Cycloaddition Reactions of 2a,b, 3a,b; General Procedure
To a solution of 2a,b, 3a,b (0.31 mmol) and N-phenylbenzohydrazonoyl chloride 19 (1.26 mmol) in CHCl 3 (15 mL) was added Et 3 N (0.5 mL). The reaction mixture was then heated under reflux for 24 h. The solvent was removed in vacuo and the resulting solid was washed with water and crystallized to give the corresponding deriv atives 18a,b, 19a,b.   (Z)-1,3-Diphenyl-1,12-dioxa-5,8-diazadibenzo[b,j] pyrazolino[3,4-n]cyclohexadecane-4,9-dione (18a) Prepared from 2a; colorless crystals (dilute EtOH); yield: 0.36 g (53%); mp 152-153 °C.
